Lipid-protein interaction in reconstituted cytochrome c oxidase/phospholipid membranes.
Deuterium and 31P nuclear magnetic resonance have been employed in an investigation of the effect of cytochrome c oxidase (EC 1.9.3.1) on the structure of lecithin bilayers. Cytochrome c oxidase was isolated from beef heart mitochondria in lipid-free form and reconstituted as a functional enzyme in bilayers composed of synthetic 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine. Two separate reconstitution experiments were performed in which the lipid was selectively deuterated either at the C-5' or at the C-14' segment of the palmitic acyl chain. The phospholipid-to-protein ratio of both reconstituted complexes was 0.74 (mg/mg), corresponding to about 200 molecules lipid per molecule cytochrome c oxidase. The deuterium quadrupole splitting deltanuQ, and the phosphorus chemical shielding anisotropy, deltasigma, of the cytochrome c oxidase-phospholipid recombinants were measured as a function of temperature and compared to the results obtained for the pure lipid membrane without protein for the pure lipid membrane without protein. deltanuQ and deltasigma are highly sensitive to the structural organization of the lipid membrane and these measurements demonstrate that the incorporation of cytochrome c oxidase into phosphatidylcholine bilayers leads to a more disordered conformational state of the lipids. This result can be explained by a rapid exchange between lipids in direct contact with hydrophobic protein and those further away from it (exchange rate greater than 10(4) Hz). The irregular protein surface is sensed by all lipid molecules and induces a more disordered bilayer structure. In contrast to previous interpretations, our measurements do not suggest a special type of boundary lipid.